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ABSTRACT 


The  objectives  were  to  study  wave  generation  mechanisms  for  two  underwater  shots,  Wahoo  and 
Umbrella,  and  to  examine  the  terminal  effects  of  these  waves  by  inundation  studies.  These 
studies  were  to  be  integrated  with  the  results  of  previous  nuclear  explosions  under  related  ge¬ 
ometries  to  the  end  that  rational  prediction  might  be  made  of  the  water  waves  resulting  from 
future  nuclear  explosions. 

Instrumentation  for  these  shots  consisted  of  various  types  of  underwater  pressure-time  re¬ 
corders,  shipboard- mounted  gyro-referenced  inclinometers,  cameras,  and  inundation  gages. 
Instrument  failure  was  very  high  for  Wahoo;  however,  Umbrella  was  more  successfully  docu¬ 
mented. 

Results  of  Wahoo  have  been  deduced  primarily  from  a  photographic  record  of  the  motion  of 
a  deep-moored  floating  station  (coracle)  supplemented  by  pieces  of  information  from  other  in¬ 
complete  records.  The  piecing  together  of  the  data  allowed  a  reasonably  reliable  extrapolation 
to  the  first  node  of  the  wave  envelope  for  a  deep  water  record  at  4,500  feet  range  from  surface 
zero. 

This  record  was  compared  with  the  theory  in  Reference  1  and  found  to  give  very  good  agree¬ 
ment  for  source  conditions  of  a  parabolic  depression  with  a  213-foot  initial  depth  and  a  940-foot 
radius.  Photographs  of  the  plume  at  +  7.  seconds  corroborate  this  lateral  dimension. 

Because  Wigwam  was  the  only  other  nuclear  shot  which  could  be  readily  compared  with  Wahoo, 
the  results  from  that  shot  were  closely  reexamined  and  the  same  reconstruction  techniques  ap¬ 
plied  as  for  Wahoo.  Crater  dimensions  derived  from  application  of  the  theory  of  Reference  1 
indicated  a  deeper  and  narrower  paraboloid  than  for  Wahoo.  Correlation  of  the  theoretical  wave 
envelope  with  that  recorded  was  not  as  close  as  for  Wahoo,  but  this  can  be  ascribed  to  the  fact 
that  all  the  energy  for  the  Wigwam  waves  was  not  released  from  surface  zero  at  a  specific  time. 
The  significant  fact  is  that  the  higher  group  velocity  measured  for  Wahoo  waves  was  due  to  its 
greater  crater  radius  despite  the  fact  that  the  Wigwam  waves  contained  more  energy. 

A  very  rough  scaling  relationship  between  Wigwam  and  Wahoo  can  be  derived,  but  it  is  im¬ 
portant  to  recognize  the  limitations  of  any  formula  based  on  such  scanty  data. 

The  transition  from  cube  root  to  fourth  root  in  scaling  from  small  to  large  yields  was  ex¬ 
plored  and  illustrated  by  means  of  Project  Seal  data. 

Umbrella  wave  records  were  obtained  from  three  pressure-time  recorders  at  close  range, 
two  pressure-time  recorders  and  an  inclinometer  at  intermediate  range,  and  a  long-range 
pressure-time-recording  shore  station. 

The  data  obtained  was  analyzed  in  the  same  manner  as  for  lagoon  shots  in  previous  opera¬ 
tions  and  was  found  to  coincide  with  the  extrapolated  Operation  Redwing  data  for  a  device  of 
equal  yield  detonated  at  the  surface.  The  enhancement  of  wavemaking  efficiency  due  to  submer¬ 
gence,  which  has  been  observed  for  all  other  underwater  nuclear  shots,  was  not  observed  for 
Umbrella.  It  may  be  hypothesized  that  the  location  of  the  device  on  the  bottom  allowed  it  to 
transmit  much  of  its  energy  directly  into  the  earth,  as  a  surface  shot  transmits  the  preponder¬ 
ance  of  its  energy  into  the  atmosphere. 

Inundation  from  Wahoo  was  much  greater  than  anticipated.  Inundation  from  Umbrella  was 
negligible  because  of  the  protection  afforded  the  islands  by  an  extensive  lagoon  reef. 


5 


SECRET 


FOREWORD 


This  report  presents  the  final  results  of  one  of  the  projects  participating  in  the  military-effect 
programs  of  Operation  Hardtack.  Overall  information  about  this  and  the  other  military- effect 
projects  can  be  obtained  from  ITR-1860,  the“  Summary  Report  of  the  Commander,  Task  Unit 
3.”  This  technical  summary  includes:  (1)  tables  listing  each  detonation  with  its  yield,  type, 
environment,  meteorological  conditions,  etc. ;  (2)  maps  showing  shot  locations;  (3)  discussions 
of  results  by  programs;  (4)  summaries  of  objectives,  procedures,  results,  etc.,  for  all  projects; 
and  (5)  a  listing  of  project  reports  for  the  military- effect  programs. 
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Chapter  1 
INTRODUCTION 


1-1  OBJECTIVES 

The  objectives  ■were  to  study  wave  generation  mechanisms  for  •two  nude  water  shots,  Wsuboo 
.and  Umbrella,  and  to  examtoethe  terminal  effects  oftbese  waves  bv  iiviscUdton  studies.  These 
studies  ■were  to  be  integrated  with  the  results  of  previous  nuclear  saptastorg  under  related  ge¬ 
ometries  to  the  cod  that  rational  prediction  might  be  made  ofthe  enter  waves  resulting  from 
latere  amctear  explosions. 

1.2  BACKGROUND 

1-2.1  General.  The  documentation  of  waves  generated  by  nuclear  naptoatons.has  been  the 
objective  of  research  projects  for  Operations  Crossroads,  Ivy,  Castle,  Wigwam,  and  Redwing. 
This  work  has  always  been  complicated  by  aaany  factors,  tnctodtng  test-area  geometry,  instru¬ 
ment  failure,  and  large  gaps  between  data.  Although  a  certain  amount  of  empirical  data mas 
gathered  applicable  to  particular  shots,  progress  toward  an  nmtu  r  standing  ofthe  generative 
mechanism  and  the  development  of  a  sntvsrsai  scaling  forwooln  hae  been  stow. 

The  bulk  of  pertinent  data  from  previous  soctear  tests  has  r  watted  from  devices  detonated 
on  barges  moored  over  varying  depths  of  water  within  Bikini  and  IMnetok-tegoons.  in  addition 
to  these  surface  shots,  there  were  two  in  which  the  device  was  suborn  i  ged:  Shot  Baker  during 
Operation  Crossroads  and  Shot  Wigwam. 

Work  on  a  laboratory  scale  has  also  been  conducted,  both  with  aanall  Mgh-eaptostve  charges 
and  with  geometrically  defined  initial  dtstuifesnees.  In  such  'oxfe  r  laoiot  attorn,  it  is  possible  to 
conduct  many  teats  and  to  repeal  performances  that  require  verification.  On  the  otter  band, 
there  are  certain  disadvantages:  (1)  the  uncertainty  of  the  rslattwhtp  between  the  effects  of 
chemical  and  nuclear  explosions,  and  (2)  complications  of  scaling  over  an  extreme  range  of 
yields  where  the  functions  of  such  ■nonscaling  -quantities  as  atmospheric  pressure,  gravity,  vis- 
oostty,  and  surface  tension  must  be  considered. 

1.2.2  Project  Seal.  Project  Seal  was  initiated  by  military  interest  in  the  application  of 
offensive  Inundation  during  World  War  H .  The  most  significant  work  was  the  conduct  of  a 
series  of  tests  with  small  TNT  charges  in  a  basin  of  intermediate  depth.  The  effect  of 
varying  the  location  of  the  charge  with  respect  to  the  water  surface  was  explored.  and 
certain  critical  depths  of  submergence  were  discovered.  The  deeper  of  these,  designated 
by  the  project  report  (Reference  2)  as  the  “tower  critical  depth,  ”  corresponds  to  that  de¬ 
fined  in  the  theoretical  work  in  Reference  3 .  The  “apper  critical  depth”  described  in 
Reference  2  as  “adjacent  to  the  water  surface”  was  discovered  to  exhibit  a  very  sharp 
peak  and  to  yield  wave  heights  greater  than  the  tower  critical  depth.  This  upper  critical 
depth  has  never  been  predicted  theoretically  or  verified  by  independent  research. 


.L2.3  ilhotiBalrrr.  The  first  nuclear  device  to -yield  water  waves  of  interest  was  detonated 
in  Bikini  Jagoon  in  MM  6  aa  Shot  Baker  of  Operation  Crossroads.  Water  depthin  the  vicinity 
of  -the  30-kt  device  .was  ISO  to  160  ieet,  and-the  depth  of  submergence  was  65  feet.  "This  lagoon 
depth  was  comparatively  much  shallower  than  that  for  the  deal  tests,  and  the  depth  of  suhmer- 
gence  chosenwas  not  representative  of  either  ofthe  critical  depths.  “The  wave  data  recorded 
showed  that  approximately  1  percent  oftheyleldwas  converted  to  water-wave  energy .  A  model 
Jawwas  deduced,  Hie  significant  feature  of  whichwas  Hr  =  constant,  where  H  is-the  wave 
height  (feet)  and  r  isthe  range  (feet)^froxn  surface  origin.  “The  first  crest  was  found  to  travel 
Withrthe  velocity  of  a  . solitary  wave: 

C  =  Vgth-+JHC ) 

Where:  C  =  celerity,  ft/eec 

g  =  acceleration  due  to  gravity,  ft/eec 
h  =  cotter  depth,  ieet 

Hc  =  -.wave  height,  feet;  subscript  c  efeenotes-wave  crest  property 

1-2.4  Operation :Caatie .  Nuclear  devices  tested  during  Operation  Castiefor  which  significant 
data  was  Meadetheere  of  megaton  range  and  located  on  barges  in®ikint  lagoon .  “The  generated 
wares  tiaveledtothewave  recorders  over  paths  that  were  refracted  to  agreater  or  lesser  de¬ 
gree,  which  cnmpromtscdthc  applicability  of  the  rasoltBto  a  scaling  low.  “The  generalindica- 
tton -was,  that  the  IHr  product  was. again  constant.  Of  perhaps  grrader  significance,  however, 
was  the  shape  ofthewavetrain  revealed  bythe  records.  “For  Shots  Union.ancTXankee,  with 
yields  of  7aund  13.SHtt,  raapectirely,  the  first  and  second  crcstB  had  large  amplitudes  with  a 
tong  shallow  trough  between .  “The  shapes  ofthe  crestswere  suggestive  of  solitary  waves.  “This 
was  in  contrast  wtthrtiie  records  of  PhollBaicer  pf  Operation  Crossroads  where  the  first  trough 
was,  as  often  as  not,  of  greater  amplitude  than  either  adjacent  crest. 

1-2.5  Waterways  Experiment  atatlon.  Small  scale  tests  with  high  explosives  were  conducted 
bythe  Corps  Df  Engineers,  U.  S.  Army,  at  the  Waterway  a  Experiment  Station  (WES)  In  1652. 
“These  testswere  intended  to  model  the  effects  of  detonating  a  20- kt  weapon  in  typical  harbors. 
“The  ratio  h/W1  /3  (where  W  =  device-yield,  itiiotons  equivalent “TNT)  was  assumed  to  be  a  con¬ 
stant  for  geometric  similarity,  and  teats  were  conducted  with  a  series  of  charge  sizes  for  each 
of  several  scaled  depths.  “The  depth  of  charge  submergence  wasalso  varied.  “The  effect  Df 
scaling  by  an  arbitrary  mqmnent  from  a  yield  of  20  let  down  to  charges  as  small  as  0-5  pound  of 
TNT  was  to  changethe  yield-depth  relationships  all  out  of  proportion  to  those  intended.  “The 
recorded  waves  bore  no  resemblance  to  those  of  Shot  Baker  but  were  ofthe  form  of  the  much 
shallower  (compared  to  yield)  Castle  shots.  No  critical  submergence  was  discovered,  but  then, 
the  water  was  never  so  deep  asthe  lower  critical  depth,  andthe  region  ofthe  upper  critical 
depth  was  not  examined  in  detail. 

1-2.6  Laboratory  Studies.  These  included  two-dimensional  studies  toy  J.  E.  Prins  (Refer¬ 
ence  3)  of  waves  generated  by  a  local  uniform  elevation  or  depression  ofthe  water  surface. 

“The  initial  disturbance  was  established  by  elevating  or  depress ing  the  water  surface  in  a  box 
at  one  end  of  a  tong  trough.  “The  laboratory  setup  allowed  close  dimensional  control.  In  varying 
the  length  and  elevation  ofthe  tnttlal  disturbance  as  well  as  the  water  depth,  a  series  of  records 
was  obtained  that  was  very  revealing  as  to  the  transitions  which  wave  trains  undergo  asthe  gen¬ 
eration  and  propagation  parameters  are  varied.  With  the  dimensions  ofthe  initial  disturbance 
small  as  compared  to  the  water  depth,  the  wave  train  showed  purely  oscillatory  characteristics 
and  was  similar  to  those  observed  by  Project  Seal  for  a  4.36-pound  TNT  charge  in  13  feet  oi 
water.  As  the  ratio  of  initial  disturbance  to  depth  is  increased,  the  first  crest  takes  on  more 
and  more  of  the  solitary  wave  characteristics,  both  in  form  and  velocity.  This  is  likened  to  thi¬ 
ne  v»  genewhedtoy  lhor»tou.r.  -Wttoaturtherhxi— »tnthedtotu»buwce-tu  depth  ratio,  nearly 
all  ofthe  sneigj  ofthe  wwve  train  is  eontatned  in  a  first  crest  enamuting  as  a  solitary  wave 
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blocked  until  the  arrival  of  a  pressure  signal  in  excess  of  the  ambient  value.  Receipt  of  this 
signal  caused  a  detent  to  disengage;  however,  the  bourdon  was  not  allowed  to  receive  any  sig¬ 
nals  for  about  4  seconds,  to  allow  adequate  time  for  subsidence  of  extreme  Initial  pressures. 
Subsequently,  the  system  was  open  to  all  pressure  signals.  Figure  2.1  demonstrates  the  con¬ 
struction  of  the  protector. 

2.4.4  Self-Referencing  Wave  Recorders:  Gyro-Inclinometer.  The  slope-versus-time  curve 
for  a  surface  station  can  be  Integrated  to  yield  the  wave  height  history.  U  the  surface  station 
is  a  vessel  whose  length  is  small  compared  to  the  waves  of  Interest  and  the  vessel  Is  oriented 
bow  or  stern  on  the  approaching  waves,  then  the  pitch  angle  of  the  vessel  follows  the  slope  of 
the  surface  and  may  foe  recorded  as  such.  Actually  both  the  pitch  angle  and  the  relative  heading 
were  recorded  so  that  corrections  could  be  Introduced  for  departures  from  the  end-on  attitude. 

The  sensing  element  selected  for  these  units  was  the  Minneapolis -Honeywell  LABS  gyro.  As 
designed,  these  assemblies  were  used  to  feed  pitch  and  roll  information  to  an  automatic  pilot; 
however,  by  rotating  one  axis  through  90°,  they  were  made  to  aline  the  contained  potentiometers 
with  the  pitch  and  yaw  axes.  One  leg  of  the  pitch  potentiometer  was  combined  in  a  bridge  circuit 
so  that  the  output  was  amplified  and  recorded  on  a  standard  strip-chart  recorder. 

One  leg  of  the  yaw  potentiometer  was  used  as  a  resistive  element  in  a  relaxation,  or  blocking, 
oscillator  firing  a  thyratnm  tube  that  impressed  a  marginal  dot  on  the  same  strip-chart  record¬ 
er.  The  oscillating  frequency  varied  as  the  relative  heading  of  the  vessel. 

The  basic  pitch  and  yaw  instrument  was  accessorized  by  a  battery-inverter  power  supply  and 
an  electronic  control  system  programed  by  self-generated  signals  and  signals  from  the  EG&G 
timing  circuits.  Subsequently,  the  controller  operated  in  the  following  manner:  Upon  receipt 
of  an  EG&G  signal  at  H— 5  minutes,  the  inverters  and  the  gyro  drive  motors  were  activated. 

At  H- 1  minute,  the  gyro  was  triggered  to  uncage  on  the  first  hull  motion  through  the  horizontal, 
and  toe  oscillator  and  chart  drive  motors  were  started.  At  the  end  of  a  total  run  time  of  15 
minutes,  the  entire  system  shut  down. 

The  above  combination,  as  illustrated  in  Figure  2.2,  allowed  measurements  of  pitch  to  ±30° 
and  yaw  to  ±60°. 

2.4.5  Photographic  Measurements  of  Wave  Height  versus  Time.  The  Hardtack  technical- 
photography  plan  revealed  that,  in  several  instances,  combinations  of  location,  camera  size, 
and  lenses  gave  promise  of  valuable  coverage  of  target-array  Vessels  and  buoys.  Such  coverage, 
using  standard  photogrammetric  techniques,  could  give  accurate  elevation-versus-time  curves 
for  floating  objects.  It  was  anticipated  that  an  assortment  of  data  on  wave  positions,  periods, 
and  heights  would  be  derived  from  analysis  of  technical  photography. 

2.4.6  Photographic  Measurements  of  Shoreline  Wave  Heights.  Whenever  shorelines  sus¬ 
pected  of  experiencing  significant  wave  action  fell  within  the  scope  of  the  technical -photography- 
plan  camera  stations,  range  and  elevation  poles  were  installed.  Whenever  these  stations  were 
beyond  the  range  to  give  adequate  coverage  of  the  shoreline  area  of  interest,  cameras  with 
timing  systems  were  installed  to  riew  these  areas. 

The  contractor-installed  12-  by  12-inch  wooden  poles  were  painted  with  alternate  horizontal 
stripes  of  black  and  white,  2  feet  wide  on  the  vertical  dimensions.  The  poles  were  set  in  con¬ 
crete  footings  and  were  guyed  wherever  required.  Photographs  of  these  poles  gave  data  upon 
the  Inundation  effects  of  the  generated  waves. 

2.4.7  Visual  and  Photographic  Records  by  Project  Personnel.  Wherever  possible,  project 
personnel  were  provided  with  handheld  cameras  and  stop  watches  to  record  wave  heights  and 
times  of  arrival  at  stations,  such  as  piers  projecting  into  the  lagoon,  and  aboard  ships  at  vari- 

«*  mates  treat  surface  aero.  Wherever  advantageous,  striped  range  poles  of  suitable  caliber 
were  installed  on  sack  piers. 
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2.4.8  Can-Type  Inundation  Gages.  On  shorelines  expected  to  receive  significant  wave  action 
but  inaccessible  to  personnel  at  shot  time,  can-type  yes-or-no  gages  were  installed  at  6-lnch 
increments  of  elevation  to  give  readings  of  maximum  water  depth.  Postshot  examination  for 
salt  water  in  these  cans  gave  wave  elevation  on  islands  and  at  shorelines.  These  gages  were 
installed  to  cover  elevations  from  mean  water  level  to  twice  the  predicted  wave  height. 

2.4.9  Radar  Scope  Photography.  Surface  search  radar  of  fleet  operational  type,  when  ad¬ 
justed  for  high-sea  return,  could  show  the  range  as  a  function  of  time  of  the  generated  wave 
crests  (Reference  6).  Plans  were  initiated  to  make  these  measurements  during  Shot  Wahoo. 

The  scope  camera  and  accessories  used  for  Shot  Wigwam  were  readied. 


2.5  TEST-SITE  OPERATIONS 

2.5.1  Shot  Wahoo.  Location  of  Project  1.6  stations  and  other  sources  of  wave  information 
for  Shot  W^ihoo  are  shown  in  Figure  2.3. 

It  was  intended  to  install  BRL  gages  in  five  of  the  Project  2,3  deep-moored  coracles.  How¬ 
ever,  the  subsurface  hose-bladder  assembly  was  damaged  upon  coracle  installation  for  two  of 
these  units,  and  time  was  Insufficient  to  effect  repair.  At  shot  time,  upon  receipt  of  the  firing 
signal,  the  aneroid  capsules  for  two  of  the  remaining  units  were  ruptured.  The  record  pre¬ 
sented  by  the  one  BRL  gage  that  operated  during  Wahoo  could  not  be  Interpreted. 

Mark  VTO  wave  recorders  were  Installed  and  operated  from  Sites  Elmer  and  James.  The 
Bite  James  transducer  was  located  just  off  the  reef  between  Bites  Irwin  and  James  and  at  a 
water  depth  of  53  feet.  The  recording  station,  which  also  mounted  two  project  cameras,  was 
carried  away  by  inundating  waters  from  the  Shot  after  a  partial  record  had  been  obtained.  The 
Bite  Elmer  transducer  was  Installed  in  the  lagoon  at  a  water  depth  of  43  feet. 

The  cameras  mounted  on  the  Bite  James  wave  recorder  cab  were  an  F-56  and  a  K-25  aerial 
camera.  They  were  connected  to  a  common  Intervalometer  and  the  field  of  view  of  the  F-56 
included  a  clock.  The  F-56  was  aimed  east  along  the  reef,  while  the  K-25  was  pointed  toward 
surface  zero  and  the  target  vessel  EC  2.  Despite  the  foundation  which  completely  flooded  the 
lower  camera  (F-56),  the  film  was  salvaged  and  successfully  developed.  A  range  pole  was 
mounted  on  the  reef  in  the  field  of  View  Of  the  F-56  but  was  carried  away  by  the  third  wave 
crest,  which  crest  also  claimed  the  recording  station. 

Lookout  Mountain  Laboratories  (LML)  Installed  an  unmanned  35- mm  movie  camera  on  Bite 
Henry  (Figure  2.4)  and  aimed  it  toward  surface  zero.  The  field  of  view  Included  the  DD  592, 
coracle  stations  U-4.0  and  U-4.8,  and  wave  action  on  the  Henry  reef. 

Inundation  gages  were  placed  on  Bites  James  and  Glenn.  Those  on  Bite  James  were  Washed 
away,  whereas  those  on  Site  Glenn  were  above  the  level  of  maximum  water  rise. 

The  surface  search  radar  aboard  the  DBS  Orlich  was  adjusted  for  maximum  sea  return,  and 
the  radarscope  was  photographed  during  die  event.  However,  no  waves  were  observed. 

A  series  of  before -and-alter  aerial  photographs  in  both  Mack  and  white  and  color  were  taken 
of  the  ocean  shoreline  from  Site  Glenn  to  Bite  Keith,  m  addition,  a  postshot  survey  gave  an  ap¬ 
proximate  record  of  the  maximum  water  level  rise  on  these  islands. 

2.5.2  Shot  Umbrella.  Location  of  Project  1.6  stations  and  other  sources  of  wave  information 
for  Shot  umbrella  are  shown  in  Figure  2.4. 

Inasmuch  as  the  turtle  wave  recorder  was  expressly  designed  for  close-in  recording  in  shal¬ 
low  water,  three  of  these  instruments  were  installed  as  close  to  surface  zero  as  prospects  of 
instrument  survival,  relocation,  and  recovery  deemed  practicable.  They  were  installed  in 
water  depths  of  approximately  160  feet  at  ranges  of  from  1,350  to  1,750  feet  from  surface  zero. 
Although  the  instrument  locations  were  adequately  marked  with  buoys  and  all  buoys  were  visible 
on  the  day  following  the  shot,  the  recovery  program  was  delayed  by  factors  beyond  the  control 
of  project  personnel,  with  the  resiftt  that  all  buoys  had  been  destroyed  by  surface  vessels  by 
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D+3  days.  One  Instrument  was  recovered  on  D+ 1  but  recovery  of  the  other  two  turtles  was 
complicated  in  the  extreme  in  that  approximately  400  man-dives  were  required.  The  second 
unit  was  recovered  on  D+ 14  and  the  remaining  unit  on  D+ 15. 

The  gyro-inclinometers  installed  lor  Wahoo  remained  aboard  the  same  vessels  for  Shot 
Umbrella.  The  instrument  aboard  the  DD  474,  at  a  range  of  1,930  feet  from  surface  zero, 
malfunctioned  due  to  sun  undetermined  cause.  The  instrument  on  the  DD  593  performed  sat¬ 
isfactorily. 

Two  BRL  gages  were  readied  to  operate  in  Project  2.3  coracles.  On  D-l  day,  the  moorings 
assigned  to  these  two  coracles  suffered  damage.  One  was  cut  free  by  a  surface  craft,  and  the 
second  came  adrift.  Because  the  pressure  hose  to  the  one  had  ruptured,  that  station  could  not 
be  reactivated.  The  other  station  was  readied,  but  the  coracle  containing  the  instrument  was 
attached  to  a  mooring  that  did  not  have  the  subsurface  pressure  sensing  assembly. 

In  additlon  to  the  two  coracle  installations  planned  for  Umbrella,  Project  1.6  installed  BRL 
gages  in  two  moored  16-foot  fiberglass  skiffs.  Upon  receipt  of  the  firing  signal,  the  aneroid 
capsule  of  one  of  these  was  ruptured  by  the  automatic  pressurizing  system.  The  second  operat¬ 
ed  as  expected,  but  as  for  Wahoo,  the  record  could  not  be  interpreted. 

In  addition  to  the  Mark  vm  recorder  installed  off  Site  Elmer,  a  Mark  VUI  station  was  op¬ 
erated  from  Site  Henry  during  Umbrella.  The  transducer  was  placed  in  a  lagoon  water  depth 
of  66  feet  and  abowt  3,200  feet  offshore. 

A  K-X7  camera,  was  bom  owed  from  Program  9  and  mounted  on  the  roof  of  the  instrument 
cab  on  Henry.  This  was  operated  in  conjunction  with  the  project  K-25  camera  that  survived 
the  Wahoo  tasadnttan.  During  the  event,  both  cameras  were  exposed  to  a  dosage  of  IK  r,  and 
the  lead  sheeting,  with  which  they  were  shielded,  was  inadequate  to  prevent  fogging. 

A  phdto  target  buoy  was  especially  placed  to  be  in  the  Held  of  view  of  cameras  located  on 
Site  Henry,  tart  all  the  film  from  these  cameras  was  tagged.  Photos  from  other  locations  indi¬ 
cate  Hart  the  buoy  was  obscured  by  the  base  serge  during  passage  of  the  wave  train. 

Project  personnel  placed  360  Inundation  gages  along  the  lagoon  ahoreUnes  from  Site  Glenn 
to  Site  Keith.  Because  of  the  minor  extent  of  the  wave  action,  however,  none  of  the  gages  were 
reached  by  inundating  waiters. 

Project  6.6,  which  was  also  interested  in  anbamfacc  pressure  insula  eweirtn,  installed 
subsurface  pressure  -time  recorders  at  three  stations  ranging  from  8,300  to  44,900  feet  from 
surface  zero.  Two  of  throe,  Platforms  PI  and  P3,  operated  successfully. 
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Figure  2.1  Schematic  drawing  of  bourdon  protector. 


Figure  2.2  Gyro-inclinometer. 
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Figure  2.3  Instrument  location  chart,  Shot  Wahoo. 


Chapter  3 


RESULTS 


3.1  SHOT  WAHOO 

3.1.1  Data  Obtained.  Stations  at  which  wave  data  was  obtained  from  Shot  Wahoo  are  shown 
in  Figure  2.3.  Each  observation  at  a  particular  location  constituted  only  a  partial  record  for 
that  station. 

The  closest  range  at  which  wave  action  was  observed  was  that  of  the  target  vessel  EC  2, 

2,900  feet  from  ground  zero.  This  was  a  photographic  observation  by  the  K-25  camera  mounted 
at  Site  James  and  exposing  at  approximately  2- second  intervals.  The  base  surge  obscured  the 
vessel  soon  after  passage  of  the  first  trough  and  It  did  not  reappear  until  after  the  third  trough. 

A  possible  node  is  Indicated  by  the  record. 

An  LML  movie  camera  located  on  Site  Henry  viewed  wave  action  at  two  Project  2.3  coracles, 
U-4.0  and  U-4.fi,  at  surface  zero  ranges  of  3, §00  and  4,900  feet,  respectively.  The  length  of 
the  target  vessel  DD  592,  oriented  broad  on  In  the  field  of  view,  was  used  for  calibration.  Cor¬ 
acle  U-4.0  was  enveloped  by  the  base  surge  after  the  passage  of  the  first  crest,  and  upon  next 
sighting,  the  coracle  had  obviously  come  adrift  and  could  no  longer  describe  the  wave  motion 
at  Its  original  station.  Coracle  U-4.8  was  never  in  the  base  surge  but  was  periodically  obscured 
by  the  preceding  crests,  while  In  the  troughs  and  after  the  fourth  crest,  it  was  obscured  by  surf 
action  at  the  beach.  Approximate  times  of  the  crest  arrivals  at  the  Henry  reef  could  also  be 
measured  from  the  camera  record. 

The  Mark  VUI  recorder  on  Site  James  operated  through  the  fourth  crest  at  which  time  it  was 
interrupted  by  the  inundating  third  crest.  The  recorder  was  driven  off  scale  by  the  amplitudes 
of  the  third  crest,  third  trough,  and  fourth  crest;  however,  maximum  values  were  closely  esti¬ 
mated  from  geometric  considerations. 

3.1.2  Data  Reduction.  It  was  necessary  to  establish  the  zero  time  of  wave  generation,  which 
is  hypothesized  as  the  time  at  which  the  water  crater  attains  its  maximum  volume.  The  avail¬ 
able  data  presented  two  methods:  by  observation  of  timed  photographs  of  surface  effects  and  by 
analysis  of  period  versus  time  (dispersion  data)  from  wave  records.  The  dispersion  curve 
depends  upon  water  depth  of  propagation,  range,  and  time.  The  dispersion  theory  of  Reference 

1  has  been  shown  by  References  4  and  5  to  reliably  define  the  period-time  function.  For  Wahoo, 
because  of  the  water  depth,  over  the  preponderance  of  the  T  - 1  curve,  the  Reference  1  disper¬ 
sion  theory  coincides  with  the  relationship  well  established  for  infinite  depth  water: 

T  =  ( 4  v  r)/(gt)  (3.1) 

Where:  T  =  period,  seconds 
t  =  time,  seconds 

Uncertainties  due  to  bottom  contour  are  thereby  effectively  eliminated. 

Examination  of  the  periods  from  the  record  for  which  absolute  time  was  most  accurately 
recorded,  Station  160.03,  indicated  that  a  wave  zero  time  of  9  seconds  as  referred  to  shot  time 
would  effect  the  best  agreement  with  dispersion  theory. 

Photographs  of  surface  effects  were  studied  with  a  view  to  estimating  the  time  at  which  the 
explosion  gases  passed  through  the  surface.  This  appeared  to  be  at  about  ?  seconds. 
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'Shot  time  plus  8 'Seconds  was -selected  as  the  zero  time  lor  purposes  of  .analysis  of  wave 
propagation.  Times  referenced  in  this  report  should  be  so  -understood  unless  shot  time  is 
-specified. 

Motion  of  the  Coracles  U-4.0  and  -U-4.8  was  transcribed  from  the  film  by  means  of  a  Van¬ 
guard  motion  analyzer.  A  smooth  curve  was  constructed  through  the  data.  -Drily  the  first 
trough  was  observed  at  -Coracle  U-4.0.  Because  trough  positions  of -Coracle  -U-4.8  could  not 
always  be  observed,  the  envelope  of  the 'wave  train  -was  -assumed symmetr  ical  -about  the  still- 
water  level,  and  the  troughs  were  accordingly  constructed  from  the  crest  envelope.  A  plot  of 
the  wave  periods -showed  a  significant  departure  from  theory  even  after  the  E-second  .correction 
for  zero  time  had  been  made.  Although  the  film  speed  had  been  nominally  34  frames  per  second, 
aspeed  of  27  frames  per  second  was  found  to  -giveppod  -agreement  between  the  -observed. and 
theoretical  periods,  Reeausesuch  a  departure  in  film  speed ’was  not  considered  -unreasonable 
for  a  camer  a  that  had  not  been  intended  for  "technical  photography,  the  -wave  record  was  .adjusted 
accordingly.  This  adjustment  also  brought  the  observed  wave  periods  on  Henry  reef  into  agree¬ 
ment  with  dispersion  theory. 

-Observations  of  wave  per  iods  and  relative  amplitudes  on  the  ’Henr  y  reef  indicate  a  node  in 
the  wave  envelope  at  Shout  -2E5seconds.  As 'both  the  theory  of  Reference  1  and  experimental 
data  of  Reference '5 show  that  this  is  a  feature  of  a  wave  that  moves  at  constant  velocity  from 
the  origin,  It  was  projected  back  to  Show  the  time  at ’which  nodes  could  be  expected  at  Station 
160.03  and  at  U-4.8.  The  wave  envelopes  were  then  constructed  through  these  points -and  the 
wave  records  extrapolated  out  to  the  node .  The  per  iods  of  reconstructed  waves  were  -ascer¬ 
tained  from  dispersion  theory. 

The  reconstructed  curves  are  Shown  in  Figure  3.1  together  with  the  partial  records  from  the 
EC  2,  the-Coracle  U-4.0,  and  the  Henry  reef .  'RecoistruCtedsections  are  indicated  by  broken 
lines. 

The  energy  content  of  the  first  group  of  waves,  which  may  be  considered  as  containing  the 
preponderance  of  energy  of  the  train,  was  calculated  from  the  reconstructed  U-4;8  record.  In 
this  operation  the  waveform  was  considered  as-sinusoidal  and  the  -water  depth  as  infinite.  For 
waves  near  the  front  of  the  train,  where  the  error  from  the  latter  assumption  might  be  signifi¬ 
cant,  the  wave  amplitudes  areso  low  that  their  contribution  to  the  total  energy  of  the  train  is 
insignificant.  The  energy  of  the  first  wave  group  at4,"500-foot  range  Was  1 .3  x  ID12  ft- lb.  A 
meaningful  measurement  of  the  energy  afStation  160.03  cannot  be  made,  because  the  recorded 
amplitudes  have  undoubtedly  been  influeneedby  reflection  of  the  wave  train  from  the  nearby  reef . 

The  amplltudesshown  In  theiStatlon  160.03 record  of  Figure  3.1  have  been  corrected  for  the 
attenuation  of-subsurface  pressure  due  to  water  depth  and  wavelength.  Reference  *7  was  used 
for  this  purpose.  No  reference  of  theshallow  water  to  deep  Water  Wave  heights  has  been  made, 
although  this  would  be  desirable  to  allow  a  direct  comparison  between  stations.  An  impulsively 
generated  wave  train  represents  an  unsteady-state  condition,  that  ts,  the  flow  of  energy  past 
any  point  is  not  constant  but  varies  roughly  as  the  square  of  the  amplitude  envelope.  The  tables 
of  Reference  7  that  relateshallow  Water  to  deep  Water  Wave  height  have  a  constant  energy  flux 
as  their  premise  and  are  therefore  not  applicable  to  the  transient  case. 

Ry  way  of  Illustration  it  can  be  shown  that  for  the  extreme  case  of  referring  the  height  of  a 
wave  traveling  in  Very  shallow  Water  (C  =  Vgh)  to  its  height  in  deep  water.  Reference  7  gives 

JL  = JZ 

Ho  K  4*h  (3.2) 

Where:  subscript  o  denotes  the  deep  Water  condition 
X  =  wavelength 

It  can  be  shown  that  this  transformation  does  not  conserve  the  energ.  of  the  individual  wave: 
therefore,  if  the  amplitudes  of  a  Wave  train  were  adjusted  according  to  Equation  3.2,  the  re¬ 
sulting  figure  will  not  be  representative  of  how  the  Wave  train  would  appear  at  thesatne  range 
in  deep  water,  because  the  total  energy  will  not  be  thesame. 
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An  alternate  premise  of  .considering  the  energy  to  be  conserved  within  each  wave  reaches 
the  following  conclusion: 

E  _  /T" 

f2Tih  (3.3) 

A  shallow  water  record  referred  to  deep  water  by  Equation  3.3  will  now  show  the  same  energy, 
hut  the  resultant  curve  still  does  not  represent  das  wave  train  after  travel  to  the  same  range 
over  deep  water.,  because  the  structure  of  the  train  (number  of  significant  waves)  has  been 
altered  by  shoaling. 

2t  appears,  then,  that  any  attempt  to  refer  the  record  of  Station  150.03  to  deep  water  would 
be  misleading,  and  it  is,  therefore,  left  as  recorded. 

It  should  be  noted  that  the  referring  of  a  Teem'd  from  one  shallow  depth  to  another  shallow 
depth  by  the  application  of  Green’s  law  does  not  result  in  these  inconsistencies.  For  shallow 
water  both  of  the  afore-considered  premises  are  prevalent.  Because  the  energy  is  traveling 
at  the  phase  velocity,  there  is  no  dispersion. 

3.1.3  -Comparison  with  -Other  Shots.  -Other  shots  which  were  held  in  comparable  geometries 
and  for  which  data  was  available  were  Shot  "Wigwam  and  Shot  1-47J3C  ad  the  Seal  series  (Refer¬ 
ence  2)..  For  each  -Of  these  the  charge  was  submerged,  and  the  water  was  sufficiently  deep  so 
that  the  wave  train  was  of  oscillatory  form  without  solitary  wave  characteristics. 

.3. 1.4  Shot  Wigwam.  The  Wigwam  data,  which,  like  that  from  Wahoo,  was  obtained  photo¬ 
graphically,  was  reexamined,  and  the  same  reconstruction  measures  instituted  as  for  the  Wahoo 
coracle  record.  It  was  decided  that  analysis  could  best  be  based  on  the  motion  of  the  "YUvTB  12 
at  5,520-foot  r  ange.  Reconstructed  data  is  shown  in  Figure  3  .2.  The  dispersion  data  indicated 
a  >wave  generation  aero  time  of  shot  time  plus  13  seconds.  Ibis  coincides  with  the  time  observ¬ 
ed  f  or  the  venting  of  the  explosion.  Bhase  aeros,  calculated  according  to  Reference  1,  were  in 
■excellent  .agreement  with  those  observed  for  major  waves  and  also  disclosed  the  following  point 
of  primary  significance::  the  first  trough  and  crest  which  were  observed  by  Reference  5  were 
actually  preceded  by  -another  full  cycle  and  were,  in  fact,  the  second  generated  trough  and  crest. 
The  energy  of  the  first  trough  and  crest  was  dispersed  below  an  observable  level  and,  therefore, 
could  not  be  detected  photographically  against  the  ocean  background. 

■A  wave  .amplitude  envelope  was  judiciously  constructed  for  the  first  wave  group  and  energy 
measurement  based  thereon.  The  value  calculated  was  2.55  x  1012  Jt-lb,  which  gives  a  wave¬ 
making  eff  iciency  of  3.-4  percent.  Because  this  analysis  considers  more  waves  than  that  of 
•Reference  6,  the  efficiency  is  accordingly  higher. 

An  amplitude  envelope,  giving  the  same  node  and  maximum  as  that  observed,  was  calculated 
according  to  Reference  1 .  The  Initial  condition  assumed  was  -a  paraboloidal  depression.  The 
dimensions  indicated  for  the  crater  were  a  530-foot  radius  and  a  322-foot  depression  at  the 
origin.  Agreement  between  the  observed  and  calculated  envelopes,  as  shown  by  Figure  -3.2, 
was  not  as  good  as  that  for  Wahoo . 

The  observed  group  velocity,  which  is  the  velocity  of  the  maximum  of  the  wave  envelope. 

Was  51  ft/sec  for  Wahoo  as  compared  to  -46  ft /sec  for  Wigwam.  According  to  Reference  1,  the 
group  velocities  for  disturbances  of  the  same  geometric  type  varied  directly  as  the  crater  ra¬ 
dius.  The  lower  group  velocity  for  Wigwam  ts  therefore  due  to  the  smaller  lateral  dimension 
of  its  crater  despite  the  fact  that  the  system  contained  more  energy. 

It  should  be  borne  in  mind  that  the  term  “crater”  might  not  be  entirely  applicable  to  Wigwam, 
because  the  great  depth  of  submergence  undoubtedly  led  to  a  breaking  -Up  of  the  bubble  before  it 
reached  the  surface,  as  the  multiple  venting  observed  at  the  surface  would  indicate.  Also,  con¬ 
densation  of  the  gas  bubble  was  probably  significant  in  decreasing  the  potential  of  the  system. 
This  would  be  compensated  in  part  by  induced  upwelllng  of  the  water  surrounding  the  bubble. 

The  various  papers  of  Reference  3  point  out  the  complexities  encountered  in  defining  the 
mechanics  of  an  underwater  explosion  after  the  first  expansion  of  the  gas  glbbe.  Calculating 
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the  energy  that  may  be  converted  to  surface  waves  would  seem  to  be  almost  a  problem  in  prob¬ 
abilities  rather  than  the  application  of  the  usual  form  of  empirical  scaling  equation.  The  fol¬ 
lowing  derivation,  then,  should  be  considered  as  giving  only  an  indication  of  what  results  might 
be  expected  from  explosions  below  the  lower  critical  submergence. 

The  energy  contained  in  a  large  underwater  bubble  is  directly  proportional  to  its  volume  and 
submergence. 

Qb  =  4/3  v  Rs  Z  p  g  (3.4) 

Where:  Qb  =  energy,  foot  pounds;  subscript  b  denotes  bubble  property 
R  =  radius  of  generative  condition,  feet 


H  the  requirement  for  geometric  similarity  of  submergence  of  bubbles  is  Z  a  R,  then 

Qb  a  R*  (3.5) 

Assuming  the  efficiency  af  bubble  formation  to  be  constant  with  yield; 

Qb  oc  W  oc  R4  (3.6) 

The  first  step  in  establishing  a  scaling  rule  was  to  explore  the  variation  of  wavemaking  effi¬ 
ciency,  with  relative  submergence.  The  function  Q^/W  was  plotted  against  Z/W1'''4  in  Figure 
3.3  for  Wahoo  and  Wigwam.  The  line  connecting  the  data  showed  the  relationship. 
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Where:  subscript  W  denotes  wave  train  property 


(3.7) 


Because  the  objective  is  to  relate  this  function  of  with  the  maximum  wave  height  observed 
at  any  range,  an  assumption  was  necessary  as  to  how  H  varied  with  r  for  deep  water  waves, 
lauhisg  Indicative  experimental  data,  it  was  assumed  tint  Hr  =  constant,  which  is  in  agree¬ 
ment  with  Beferesce  1.  The  function  of  Hr  with  Qm  was  determined  by  plotting  Hr  versus 
wM/tt/fci*  in  Figure  3.4. 

Hr  »  (3.8) 


The  nature  «f  the  problem  and  the  reliability  of  Hie  data  make  it  advisable  to  change  the  expon¬ 
ent  on  W  to  the  more  convenient  in  which  case  the  relationship  becomes 

Hr  »  2T3*  (3.9) 

■jteiawioiisly  poinded  ■oat  tflds  Jot  mala  should  wot  he  considered  to  give  more  than  an  indiea- 
iionsi  vdutt  results  might  he  ejected  from  eafilomoss  submerged  in  deep  water.  It  should  not 
he  applied  in  erosions  above  the  lower  critical  submergence  or  near  the  bottom  or  to  small- 
scale  extensions. 


■3.1.5  Brtqect^Senl.  Series  147  «i  BrojjectSeal  included  the  detonation  of  4.25-lb  TNT 
charges  at  waryi^  submergence  insawder  dtpB> el  13  feet.  Beicrence  1  includes  the  actual 
record  3rom -one  si  :die  shots,  141.3C,  wldch  was  act  the  observed  lower  critical  submergence 
4f4het.  The  record  was  analysed  Bern  Be  stantpote*  ut  de  theory  of  Weterence  1,  and  en- 


The  record  Tram  Hhot  347J3C  -consisted  -at  awplteade-tAme  curves  at  ruu^es  of  50,  138,  173, 
and  187  test,  plotted  sitnuttanecusly.  The  records  at  the  two  uunrevt  ringer  were  undisturbed 
reflected  waves  until  their  first  nodal  points,  after  which  time  their  law  tpu  nation  became 
increasingly  difficult.  The  records  act  113  snd  It?  test  were  -distwhedhy  reflections  even  he~ 
ft»rc  their  first  nodes.  Because  ad  these  disturbances,  a  thewetteal  wnveewveteipe  was  fitted 
to  the  wstawst  record  sidy,  and  jdsme  sews  ware; -catoadalcdler  jaw  the  two  nearest  records. 

4Bthe  aevstal  inianl  dUpiaoMuemt  discussed  inBulerwece  X,  the  parahoteddyields  a  sure 
■envelope  most  lice  thtt  obssrved  in  Butt  141.3C.  Thus  the  oalctlstieuora  theoretical  envelope 


was  based  on  a  depression  whose  radial  dimension  was  chosen  so  that  the  theoretical  node  fitted 
the  observed  node.  The  agreement  between  the  envelopes  predicted  and  observed  was  not  en¬ 
tirely  satisfactory,  the  observed  maximum  occurring  later  in  the  first  group  than  predicted. 

Also  predicted,  but  not  observed,  was  a  bore  whose  amplitude  was  approximately  half  the  maxi¬ 
mum  amplitude  of  the  first  group. 

The  energy  of  the  wave  train  at  50  feet  was  found  to  be  8.25  x  104  ft-lb.  Equating  this  to  the 
energy  of  a  paraboloidal  depression,  tt/6  p  g  (Rt?)2,  where  77  =  amplitude,  with  R  =  11.1  feet 
as  determined  from  the  position  of  the  first  node,  77  =  4.46  feet. 

The  calculated  phase  zeros,  which  are  independent  of  the  initial  disturbance,  were  in  excel¬ 
lent  fit  throughout  the  entire  first  group  at  50  feet,  and  throughout  most  of  the  first  group  at 
126  feet. 

To  compare  Shot  147.3C  with  Wahoo  and  Wigwam,  the  scaling  law  given  by  Equation  1.2  was 
used.  Although  the  atmospheric  pressure  influences  the  radius  of  the  bubble  formed  by  a  given 
explosion,  the  energy  that  may  be  transferred  to  the  surface  waves  from  a  given  size  bubble  is 
quite  independent  of  atmospheric  pressure.  The  energy  equivalence  between  the  bubble,  tangent 
to  the  Stillwater  level,  and  surface  waves,  then  becomes 

4/3  77  R4  p  g  =  Qyy  (3.10) 

Where  e,  is  the  efficiency  of  the  process,  assumed  constant. 

The  energy  of  the  wave  train  measured  at  the  closest  station  was  8.25  x  104  ft-lb.  Substitut¬ 
ing  this  value  in  Equation  3.10  and  assuming  100-percent  efficiency  gives  R  =  4.21  feet,  in  good 
agreement  with  the  actual  submergence.  This  result  is  highly  encouraging,  because  this  par¬ 
ticular  shot  was  found  experimentally  to  lie  at  a  critical  submergence.  Substituting  R  =  4.21 
feet  for  Zcr  in  Equation  1.2  and  solving  for  the  efficiency  of  conversion  of  chemical  energy  to 
bubble  potential,  e2,  gives 

t2  =  11  percent  .  (3.11) 

An  energy  equivalence  of  1.5  x  10s  ft-lb/lb  of  explosive  was  used.  The  charge  contained  2 
ounces  of  primer  in  addition  to  4%  pounds  of  TNT,  so  the  weight  of  explosive  was  4.38  pounds. 
The  efficiency  calculated  above  compares  with  the  value  of  40  percent  assumed  in  Reference  3. 

It  must  be  observed  that  e2  includes  approximately  (tj)s/4 ,  but  this  value  should  be  much  near¬ 
er  to  unity  than  the  observed  discrepancy  would  indicate. 

Figure  3.5  was  constructed  on  the  form  of  Equation  1.2,  using  the  above-derived  efficiency 
of  11  percent,  and  it  scales  the  lower  critical  submergence  observed  for  Seal  up  to  the  yields 
of  Wahoo  and  Wigwam.  The  datum  points  plotted  for  the  two  nuclear  shots  indicate  that  their 
submergence  was  below  the  lower  critical;  therefore,  the  radii  of  the  bubbles  reaching  the  sur¬ 
face  were  well  below  the  maximum  possible  for  their  yields.  The  transition  from  cube  root  to 
fourth  root  scaling  is  illustrated  by  Figure  3.5,  the  asymptotes  of  the  equation  being  plotted. 

No  account  has  been  taken  here  of  the  probable  inequivalence  of  effects  between  chemical 
and  nuclear  explosions. 

3.1.6  Inundation  Data.  Inundation  data  for  Wahoo  was  obtained  by  a  postshot  survey,  which 
noted  the  heights  reached  by  water  and  extent  of  penetration  inland.  These  observations  together 
with  selected  photos  of  inundation  effects  are  contained  in  Appendix  A.  Sites  Irwin  and  James 
were  completely  inundated.  The  heights  to  which  debris  was  noted  to  be  lodged  in  trees  were 
as  great  as  15  feet.  Runup  on  adjacent  islands  was  5  to  9  feet  above  tide  stage. 

Reference  4  observed  that  the  breaker  height  at  the  beach  was  approximately  2.5  times  the 
crest  height  recorded  in  60  feet  of  water  offshore.  The  James  recorder  showed  a  maximum 
crest  height  of  9.3  feet  in  53-foot  water  depth.  This  represents  a  breaker  height  of  about 
23  feet,  which  agrees  well  with  the  observed  inundation  levels  on  the  island. 

3.2  SHOT  UMBRELLA 

3.2.1  Data  Obtained.  Stations  at  which  data  was  obtained  from  Shot  Umbrella  are  shown  in 
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Figure  2.4.  Usable  records  were  from  the  three  turtles,  the  DD  593  gyro- inclinometer,  Sites 
Henry  and  Elmer  Mark  VIII  stations,  and  from  Project  6.8  Platforms  PI  and  P3. 

3.2.2  Data  Reduction.  All  subsurface  pressure-time  records  were  corrected  for  the  attenua 
tion  due  to  instrument  depth  and  wavelength.  This  correction  itself  introduces  a  certain  amount 
of  distortion  into  the  record  wherever  the  rate  of  change  of  period  is  great.  This  occurs  at  the 
first  crest  and  at  envelope  nodes  where  the  phase  reverses.  Corrected  records  from  the  three 
turtles  and  Platform  PI  are  shown  in  Figure  3.6. 

The  slope  record  from  the  gyro- inclinometer  was  numerically  integrated  to  give  a  surface 
displacement  record.  Here  a  drifting  base  line  in  the  original  record  complicated  the  problem. 
A  new  base  line  was  established  by  arbitrary  means  prior  to  integration.  Because  the  form  of 
the  displacement  curve  is  highly  sensitive  to  the  particular  base  line  established,  the  record 
can  only  be  evaluated  for  period  and  an  indication  of  maximum  wave  height. 

The  energy  for  the  wave  train  was  calculated,  assuming  radial  symmetry  and  shallow  water 
velocity  (Table  3.1).  Records  of  shallow  water  explosions  always  commence  with  a  crest  that 
arrives  at  a  station  at  a  time  earlier  than  that  predicted  for  a  shallow  water  wave  or  even  for 
a  solitary  wave  if  calculated  from  the  origin  at  zero  time.  Reference  4  concludes  that  this  first 
crest  is  the  result  of  a  water  crater  lip  that  is  already  advanced  in  range  at  the  time  taken  as 
zero  for  wave  generation.  As  the  shallow  water  depth  results  in  very  little  energy  dispersion, 
energy  of  the  remainder  of  the  train  following  the  first  crest  is  considered  equivalent  to  the 
potential  energy  of  the  water  crater.  Taking  energy  measurements  at  the  closest  range  station, 
the  dimensions  of  a  water  crater  can  then  be  calculated.  For  very  shallow  water,  the  assump¬ 
tion  that  a  cylindrical  cavity  extends  to  the  lagoon  floor  is  as  good  an  approximation  as  any  and 
enjoys  the  advantage  of  simplicity.  Table  3.1  also  shows  crater  radii  calculated  from  the  three 
turtle  records.  This  is  plotted  versus  yield  in  Figure  3.7,  together  with  data  from  other  nuclear 
explosions.  It  is  seen  that  the  Umbrella  crater  radius  is  very  near  the  extrapolated  curve  for 
the  Redwing  surface  shots,  in  contrast  to  other  submerged  shots  that  fall  well  above  this  line. 

As  the  Redwing  results  showed  W1/2  hg2  to  be  directly  proportional  to  the  wave  energy  for 
surface  shots,  this  function  was  also  plotted  as  Figure  3.8,  and  the  Umbrella  data  again  coin¬ 
cided  with  the  surface  shot  data.  A  scaling  law  was  then  derived  for  surface  explosions,  using 
the  Umbrella  data  to  extend  the  curve  to  lower  yields. 

Wave  height  versus  range  data  was  plotted  in  Figure  3.9  for  well- documented  lagoon  shots. 
The  maximum  crest  height  was  used  and  referred  to  the  depth  of  generation  by  Green’s  law. 

It  is  necessary  that  the  reference  depth  be  a  generation  parameter  rather  than  an  arbitrary 
value,  in  order  to  allow  comparison  between  shots  fired  in  various  depths.  For  each  shot,  a 
line  was  drawn  defining  Hcrn  as  constant.  The  exponent,  n ,  varied  from  shot  to  shot  but  the 
average  value  was  0.86.  Hcr°'86  was  assumed  to  be  a  function  of  Q  and  was  therefore  plotted 
versus  W1/2hg2  in  Figure  3.10.  Each  datum  point  in  this  figure  represents  an  observation  at 
a  particular  station  for  a  particular  shot.  The  scaling  equation  derived  from  Figure  3.10  was 

Hcr0'86  =  25  hgWI/4  (3.12) 

As  for  previous  scaling  equations,  caution  should  be  exercised  in  applying  it  to  conditions  out¬ 
side  the  range  of  data  from  which  it  was  derived.  Especially,  as  the  ratio  of  crater  radius  to 
water  depth  becomes  less,  the  approximation  of  a  cylindrical  initial  depression  becomes  less 
valid. 


29 


SECRET 


Figure  2.4.  Usable  records  were  from  the  three  turtles,  the  DD  593  gyro- inclinometer,  Sites 
Henry  and  Elmer  Mark  Vm  stations,  and  from  Project  6.8  Platforms  PI  and  P3. 

3.2.2  Data  Reduction.  All  subsurface  pressure-time  records  were  corrected  for  the  attenua 
tion  due  to  Instrument  depth  and  wavelength.  This  correction  itself  introduces  a  certain  amount 
of  distortion  into  the  record  wherever  the  rate  of  change  of  period  is  great.  This  occurs  at  the 
first  crest  and  at  envelope  nodes  where  the  phase  reverses.  Corrected  records  from  the  three 
turtles  and  Platform  PI  are  shown  in  Figure  3.6. 

The  slope  record  from  the  gyro- inclinometer  was  numerically  integrated  to  give  a  surface 
displacement  record.  Here  a  drifting  base  line  in  the  original  record  complicated  the  problem. 
A  new  base  line  was  established  by  arbitrary  means  prior  to  integration.  Because  the  form  of 
the  displacement  curve  is  highly  sensitive  to  the  particular  base  line  established,  the  record 
can  only  be  evaluated  for  period  and  an  indication  of  maximum  wave  height. 

The  energy  for  the  wave  train  was  calculated,  assuming  radial  symmetry  and  shallow  water 
velocity  (Table  3.1).  Records  of  shallow  water  explosions  always  commence  with  a  crest  that 
arrives  at  a  station  at  a  time  earlier  than  that  predicted  for  a  shallow  water  wave  or  even  for 
a  solitary  wave  if  calculated  from  the  origin  at  zero  time.  Reference  4  concludes  that  this  first 
crest  is  the  result  of  a  water  crater  lip  that  is  already  advanced  in  range  at  the  time  taken  as 
zero  for  wave  generation.  As  the  shallow  water  depth  results  In  very  little  energy  dispersion, 
energy  of  the  remainder  of  the  train  following  the  first  crest  is  considered  equivalent  to  the 
potential  energy  of  the  water  crater.  Taking  energy  measurements  at  the  closest  range  station, 
the  dimensions  of  a  water  crater  can  then  be  calculated.  For  very  shallow  water,  the  assump¬ 
tion  that  a  cylindrical  cavity  extends  to  the  lagoon  floor  is  as  good  an  approximation  as  any  and 
enjoys  the  advantage  of  simplicity.  Table  3.1  also  shows  crater  radii  calculated  from  the  three 
turtle  records.  This  is  plotted  versus  yield  in  Figure  3.7,  together  with  data  from  other  nuclear 
explosions,  ft  is  seen  that  the  Umbrella  crater  radius  is  very  near  the  extrapolated  curve  for 
the  Redwing  surface  shots,  in  contrast  to  other  submerged  shots  that  fall  well  above  this  line. 

As  the  Redwing  results  showed  W1/2  hg2  to  be  directly  proportional  to  the  wave  energy  for 
surface  shots,  this  function  was  also  plotted  as  Figure  3.8,  and  the  Umbrella  data  again  coin¬ 
cided  with  the  surface  shot  data.  A  scaling  law  was  then  derived  for  surface  explosions,  using 
the  Umbrella  data  to  extend  the  curve  to  lower  yields. 

Wave  height  versus  range  data  was  plotted  in  Figure  3.9  for  well-documented  lagoon  shots. 
The  maximum  crest  height  was  used  and  referred  to  the  depth  of  generation  by  Green’s  law. 
ft  is  necessary  that  the  reference  depth  be  a  generation  parameter  rather  than  an  arbitrary 
value,  in  order  to  allow  comparison  between  shots  fired  in  various  depths.  For  each  shot,  a 
line  was  drawn  defining  Hpr11  as  constant.  The  exponent,  n ,  varied  from  shot  to  shot  but  the 
average  value  was  0.86.  Her0'86  was  assumed  to  be  a  function  of  Q  and  was  therefore  plotted 
versus  W1/<2hgJ  in  Figure  3.10.  Each  datum  point  in  this  figure  represents  an  observation  at 
a  particular  station  for  a  particular  shot.  The  scaling  equation  derived  from  Figure  3.10  was 

Her0-*6  =  25  hgWlA  (3.12) 

As  for  previous  scaling  equations,  caution  should  be  exercised  in  applying  it  to  conditions  out¬ 
side  the  range  of  data  from  which  it  was  derived.  Especially,  as  the  ratio  of  crater  radius  to 
water  depth  becomes  less,  the  approximation  of  a  cylindrical  initial  depression  becomes  less 
valid. 
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TABLE  3.1  WAVE  DATA,  SHOT  UMBRELLA 


Wave  Energy  WaVe  Energy’  Radlus  °f 
Station  Range  Total  Excluding  Cylindrical 

First  Crest  Crater 


ft 

ft-lb 

ft-lb 

ft 

163.01 

1,700 

13.2  x  1010 

7.6  x  1010 

187 

163.02 

1,350 

13.5  x  1015 

10.0  x  1010 

215 

163.03 

1,750 

12.0  x  1010 

7.3  x  lO10 

184 

Project  6.8 
Platform  1 

8,300 

7.4  x  lo10 

6.3  x  lO10 

* 

Platform  3 

44,700 

8.8  x  IQ10 

8.5  x  lO10 

* 

*  Not  applicable  because  of  energy  dispersion. 
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WAVE  HEIGHT,  feet 


♦  10 


Figure  3.1  Wave  records,  Shot  Wahoo.  Wave  crests  on  Henry  reef  were  observed 
as  the  wave  broke.  Note  that  only  a  single  point  was  observed  for  the  fourth  crest 
at  U-4.8.  The  dashed  portions  of  the  curve  were  not  observed  but  were  constructed 
from  theoretical  considerations.  Absolute  values  for  amplitudes  on  Henry  reef  could 

not  be  ascertained. 
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PERIOD  ,  sec  WAVE  HEIGHT,  feet 


Figure  3.2  Wave  record  from  YFNB  12,  Shot  Wigwam.  Dispersion  curve 
measured  from  shot  time.  Wave  height  curve  measured  from  shot  time 
plus  10  seconds.  Reconstructed  sections  shown  as  dashed  lines. 
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Critical  Submergence  Z„,feet 


Figure  3.5  Graph  of  Zcr  versus  yield.  Seal 
data  converted  from  fresh  to  sea  water. 
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WXH0I3H  3AVM 


Figure  3.6  Wave  records,  Shot  Umbrella. 
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Figure  3.S  Graph  of  H  referred  to  depth  of  generation  versus  r , 
in  two  sections  to  insure  clarity.  Equations  of  lines  are  of  the 
form  Hc  «  rn .  Equation  of  dashed  line  is  Hc  oc  r0M. 
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Chapter  4 


CONCLUSIONS  AND  RECOMMENDATIONS 

4.1  CONCLUSIONS 

Study  of  Wahoo  waves  and  other  deep  water  wave  trains  has  indicated  an  area  of  agreement 
between  the  theory  of  Reference  1  and  observation.  The  amplitude  envelopes  could  be  approxi¬ 
mately  described  by  paraboloidal  source  conditions  whose  dimensions  were  of  the  same  order 
as  those  observed  photographically.  The  primary  uncertainty  is  in  the  factors  determining  the 
aspect  ratio  of  the  initial  disturbance. 

The  complex  mechanics  of  underwater  gas  globes  indicate  that  the  derivation  of  a  wave 
scaling  law  for  bubbles  that  vent  at  a  time  much  greater  than  the  first  expansion  is  perhaps 
unrealistic.  However,  perhaps  a  formula  based  on  past  observation  will  indicate  the  order  of 
magnitude  to  be  expected.  Experiments  with  detonations  venting  upon  or  before  the  first  ex¬ 
pansion  of  the  gas  globe  should  meet  with  successful  empirical  analysis. 

Examination  of  model  laws  has  indicated  the  feasibility  of  exploring  the  generation  param¬ 
eters  on  a  much  smaller  scale  than  Wahoo  and  Wigwam.  Although  the  transition  from  cube  to 
fourth  power  scaling  of  bubble  energy  with  yield  has  been  defined  in  Reference  3,  it  does  not 
seem  to  have  been  given  much  regard  by  students  of  explosion  waves.  Ignorance  of  this  func¬ 
tion  of  atmospheric  pressure  has  led  to  gross  errors  in  previous  attempts  at  scaling  from 
small  chemical  explosions. 

The  height  reached  by  inundating  Wahoo  waves  on  Site  James  was  in  the  same  ratio  to  the 
offshore  crest  as  that  observed  during  Operation  Redwing.  Scaling  of  shallow  water  wave  height 
from  deep  water  explosions,  however,  presents  a  complex  problem. 

The  waves  generated  by  Umbrella  were  not  significantly  different  from  what  would  have  been 
expected  from  a  surface  explosion  of  the  same  yield.  Because  all  other  submerged  shots  have 
exhibited  a  marked  increase  of  wavemaking  efficiency  over  that  for  a  surface  shot,  it  must  be 
concluded  that  the  proximity  of  Umbrella  to  the  bottom  was  the  unique  circumstance  that  made 
it  the  exception.  Inclusion  of  the  Umbrella  data  with  that  of  Redwing  surface  shots  has  led  to 
a  scaling  formula  of  perhaps  wider  applicability. 

The  extent  of  penetration  Inland  of  Inundation  waters  was  inconclusive.  Those  islands  directly 
hit  were  totally  inundated.  Those  only  partially  inundated  were  situated  so  that  their  beaches 
were  at  a  small  angle  to  the  bearing  to  surface  zero.  The  Impinging  waves  underwent  consid¬ 
erable  refraction  and  consequent  energy  dispersion. 

4.2  RECOMMENDATIONS 

The  effort  in  future  tests  should  be  concentrated  on  direct  measurement  of  generative 
parameters  as  well  as  generated  phenomena.  Measurement  of  crater  dimensions  in  deep  water 
explosions  could  perhaps  be  accomplished  by  sonar  systems.  The  feasibility  of  such  sonar 
Instrumentation  should  be  studied.  Examination  of  bottom  cores  from  shallow  water  explosions 
would  probably  yield  valuable  information  regarding  the  crater  shape  before  wash-back  of 
material  during  water  crater  collapse.  The  proximity  to  surface  zero  at  which  waves  are 
recorded  must  be  pushed  to  the  limit. 

Instrument  development  must  stay  abreast  of  documentary  requirements.  The  insufficient 
allotment  of  time  for  this  purpose,  which  extended  contract  negotiations  have  Imposed  upon  the 
past  op  mat  low,  mast  not  hamper  Mure  programs.  Otherwise,  compromise  of  the  objectives 
will  apain  be  the  inevitable  result. 
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Appendix  A 
INUNDATION  DATA 


Included  In  this  appendix  are  charts  of  Sites  Glenn,  Henry,  Irwin,  James,  and  Keith,  showing 
the  extent  of  inundation  from  Shot  Wahoo,  and  the  movement  of  large  objects  due  to  this  inunda¬ 
tion.  Also  included  are  selected  pre-  and  post- Wahoo  comparison  photographs  of  Sites  Henry, 
Irwin,  James,  and  Keith,  and  photographs  of  the  arrival  of  the  first  three  Wahoo  crests  at  the 
James- Irwin  reef. 

Inundated  areas  are  shown  on  the  charts  by  hatching.  On  these  charts  the  island  boundary 
is  given  by  the  high  tide  line,  which  is  5  feet  above  a  datum  approximately  V2  foot  below  mean 
low  water  springs. 
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Figure  A.l  Wahoo  inundation  chart:  Gienfi.  Entire  area 
of  island  in  this  figure  dense  with  brush  and  palm  trees. 
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Figure  A.  2  Wahoo  inundation  chart:  Glenn.  Entire  area 
of  island  in  this  figure  dense  with  brush  and  balm  trees. 
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Figure  A.  3  Wahoo  inundation  chart:  Glenn.  Entire  area 
of  island  in  this  figure  dense  with  brush  and  fiaim  trees. 


5fCtfT 


frifeitire  A. 4  Walioo  itiilhddiioti  ciidi'h  (jleiiH.  'flie  oi  felfeHH  ill 
tins  Hfeut-f  a  sahcl  Ijdir  with  Scalier ed  IdI’IIsII  aidHjj  jlcllllls. 


e  f  4 


T  T  pjr  T  T  f8*  n:  |  H'fTnnn  t  ITrTT  l“cTT.*r,Tt  “»TrTT  r  »  *T  lv*Ti<  rr?nn  rn 

hr  1 1  fill  Hlms  ifipwfi  tfipfi  with  tonsn  towsli  nn  tato  nntoi 


flgiicfa  A,s  Wahoa  inundation  ohttrti  Irwin-  Sonttered 
brush  ((Urn#  Utgtm  haw  with  douse  brush  on  both  ends.- 


Figure  A. 0  Wahoo  inundation  chart:  .fame*.  Northwest  portion 
of  James  densely  vegetated;  remainder  sparsely  vegetated. 
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#Rtckfcb  y-loAt 


figure  A.ii  Wafioo  ihtihdatiott  fetefc  keith.  isHtite  island  Sai-neiinded  by  Satidy 
beach.  Coral  shell  approximately  15  leet  outside  high  tide  line.  Northwest  two- 
tblrds  of  island  densely  vegetated;  nertiaihdef  SfalSely  vegetated. 


ftfui-fe  A.i2  mi  vifewfed  frato  aafeah. 
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5* 


ifljp  projppf  |.fi  w<j  pftmer*  *f*f|«n  In  *^pt- 


FlfWFe  A-2}  fre-W^oa:  so^p^af  <tempa,  Y^wpcJ  from  oppw 


FlfWe  A.  22  past-Wahaas  southeast  James,  viewed  from  ocean- 
postshot  locations  of  wave-height  poies  and  instilment  and  camera 
station  can  be  seen  on  tar  side  of  island- 


Figure  A. 23  Pre-Wahoo:  northwest  James,  viewed  from  ocean. 


figure  A. 24  Post-Wahoo:  northwest  Baines,  Viewed  froiti  oceaii. 
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figure  A. 25  Post-Wahoos  James,  looking  east. 
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figure  A.28  Wahoo;  first  crest  arrival  at  James-irwin  reef. 


figure  A.  29  Wahoo:  Second  crest  arrival  at  .iames-irwin  reef. 
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Figure  A.  30  Wahooi  Whil’d  erest  arrival  ai  iaiues-lrwlii  reef. 


Appendix  B 


ATOHgMICYlK  JWatOmB  AS  THffiPIClSa?  BY  MCT3BBBKCE  1 


It  has  been  noticed  that  In  the  theory  of  Ketenuce  1  the  maerg y  toMMeri  in  the  predicted  wave 
train  Is  4ippiw«lutately  twice  the  sneigy  of  the  Initial  water  cwtCTfWditetwijflae  — urce  of 
the  wave  tmin. 

The  potential  energy  W  of  a  cyltndrtoally  symmetric  elevatian  3S(r)  in  the  surface  of  An 
ocean  of  infinite  extent  is 

W  =  tt  pg  J^lCtr^THdr  i^.1) 

o 

The  energy  of  a  deep  water  wave  tmin  whose  meets  wad  •truaghsare  each  ahwrtdal  is -given 

by 

a  =  PS3  TZm^Bn)2  J!) 

where  Hn  is  the  height  and  the  half -period  of  the  n*h  crest  or  trough. 

♦low  the  waves  predicted  by  Reference  1  are  of  the  form 

cos  -2  v  (t/T  —  r /X)  (B.3) 


They  wy  he  considered  deep  water  waves  when 

h/X  —  (o/2  tt)  >  Vj  >(B.4) 

Under  this  condition  ipMon  B.3  becomes 
cos  { g/*r )  t* 

The  energy  of  the  n**1  crest  or  trough  of  Bquntton  B.5  is 

Q  =  2  r  p  g  C  j  cos2  {gfi It)  t*  <Jt 

^T/2 

Comparison  of  the  iwsalts  of  namertoal  hhgwttwi  of  liquation  B.3  with  IpHwi  B.2  shows 
that,  for  waves  whose  half-period  Is  less  than  their  «ge,  Bquallon  B.3  is  a  good  euptwaa— I tton 
(wtthin  5  percent)  for  Bquation  B.6.  (The  -age  of  the  wave  could  he  defined  as  theihne  from  the 
initial  disturbance  until  the  first  -phase  nero  of  the  ware. )  Thus,  If  the  waves  can  be  considered 
to  be  In  deep  water,  they  oan  be  considered  stmnwHhl  for  the  purpose  of  ewwgy  wWhWwn. 

The  following  is  given  as  a  numerical  emaople  of  the  discrepancy.  As  an  Initial  dtSUnhncnce, 
a  paraboloid  is  taken  whose  radius is  R  -  TBS  test,  and  whose  nnmfnimn  depth  is  T)  *=  21 3  feet. 
The  potential  energy  of  this  paraboloid  is,  from  Bquation  B.l. 

W  =  jt/6  p  gR*  rf  =  9.4  x  10"  ft-lb  (B.7) 

However,  by  Equation  B.2,  the  energy  of  the  calculated  waves  in  the  first  group  is 
Q  =  17.4  x  1011  ft-ib.  The  inclusion  or  an  estimate  of  the  energy  remaining  in  the  following 
(much  malisr)  group  rewrite  in  W  V, 

ASUnMar  enwgi  eWscnspnij  eanbe  seen  tn  theuwsmplea  tfyilwai  hml  Wlewillen,  mrtiwwb- 
uleldal  impulse)  given  tnHHn  uwce  1. 


(B.5) 

<B.6) 
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OnSerwafter  SsOneltms  teeeemh  Dtarteios 
tail i  Kill  it,  O.S.  Dartne  Cnrpa,  teshtegtan  25,  D.C. 

RHD:  Cota  ADHfi 


onusta ,  tea,  taaatatab,  v«. 

IT  I  aei  iilli  1  oncer,  O.S.  teael  CIC  tehaol,  0.5.  teael  Air 
Station,  Btyneo,  taamtaiok.  Be. 

Chief  af  teael  Ofetatiana,  tefteant  Of  the  teay ,  Waahlm 
ton  25.  D.C,  ATT*:  02-092* 

Chief,  Bureau  of  Daael  teown*.  tarty  ta^erteet.!  . 
ton  25,  D.C.  ATCDt  DB12 


*3D  IUU  «tTIWlTlSS 

72  Air  fn-rr  Thrimsrel  appj-.rat'.rn  Canar,  K.  IS»r, 

Whftirp-nr  2-,  D,  2. 

"3  *9.  Otaf ,  ARD-  Otatattana  Atalyait  Wflt*.  Dffira,  H.-r 
Chief  of  Staff,  Dhehtagtan  25,  D. 

A4  Otaf,  taahtagtcn  25,  D.2.  A5W:  Afrw-Sl 


ft  Dnantor  of  tecaareh  wit  Dteetaftent ,  DCB/D,  S3,  tedf , 


SECRET 


89  Gamma ter,  Air  hrn  Ballistic  MluUa  Dir.  3d.  AMEC,  Air 

Tore*  Unit  Boat  Office ,  tea  Angeles  4‘>,  Calif.  11 11 :  -mOT 
91  B— H»r,  AT  Cenbridge  Beeearch  enter,  L.  0.  flanecoc 
Tleld, -Bedford,  Neea.  ATR:  SBJST-2 
92-  96  BanMler,  Air  Tore*  Bpcclal.Wccpona  Center,  lift  Land  A*B, 
Albm*»T*u«,  B.'Mex.  ARB:  Tech.  Info.  4  Intel.  Civ. 

97-  98  "Dimeter,  Air  Untreraity  library,  Newell  A73,  Ala. 

99  «e— nder,  leery  SechntcalTralatag  Center  "  (TV), 

Leery  ATS,  Banter,  Calunad.. 

100-102 "Co— ander,  Bright  Air  Beaetofaent  Center,  Bright -Patter  eon 
APB,  Dayton,  Ohio.  ARB:  "WACT  (Tor  VC061 ) 

103-104  "Director,  USAT  Project  DUD,  TIA:  USA?  Ueleon  Office, 
TheBABDOorp. ,  1700  Main  St.,  Santa  Monica,  Calif. 

105  tlanaail  li  I .  Air  Technical  Intelligence  Center,  "DU?, 

Wight-Pattereon  APB,  Ohio.  ARB:  ABCBMOla,  Library 

106  Aaalatant  Chief  of  Staff,  Intelligence,  ».  WPS,  APO 

633,  Dev  "Tor k,  S.T.  ATT*:  "Directorate  of  Alr"D*rset& 

107" "Damander-ln-Ohief ,  Pacific  A1t  "Forces ,  APO  953,  San 
Trane  leco,  Calif.  ATT*:  PFCIE-MB,  Baae  Be  cover. 


t  -  ACTIVITIES 


1G8  "Director  of  Deftmae  baaeerch  and  HiglneoTlna.-WactUngtoo  23, 
S.C.  ARB:  Tech,  library 

109  PiSlencn, 'Baaed  Serricee  laploeteea  Safety  Board,  SOS, 

•eliding  T-7,  Craeally  Point, ^Vaahl^ton  23,  S.C. 

110  "Director,  Veepcme  Sysaeae  BeaAnetlcn  Croup,  Boon  11660, 

Its#  Pentagon, ~1*cah«neton  23,  S.C. 


111.-114  Chief,  Defence  Atonic  Support  Agency,  .Uaahlagton  25,  S.C. 
ARB:  Soenaant  Library 

115  Ccmandar,  Weld  Caaaau  d,  DAS  A,  Sandla  Beta,  Albuquerque, 

116  fl-wiialir,  Ilald  0—and,  SASA,  Sandla  Baae,  Albuquerque, 

S.iMax. .  ARB:  1CIG 

117-118  'Daaaaoter,  luid  f naaai  d,  .BASA,  Sandla  Baee,. Albuquerque, 
B.KMex.  ATTN:  DCVT 

119  CoMaodarelasChlaf ,  Strategic  Air  fioeeaeni ,  Offutt  APB, 

■ab.  ARB:  CAMS 

120  0.8 .  Do— ante  Officer,  tome#  of  -the  United  States 

Bat  tonal  Military  Mepra— tatire  -  MAPI,  APO  55, 

'■ev  TorA,  A.T. 


A  mm-  — I  I  Dtt*trPgT7g.AUflVlT113 

121-123  U.S.  Atmlc  Abler sr  Coaalaaion,  Technical  library, -Vaahing- 
ton  25,  S.C.  ATTN:  Por'IMA 

124-125  lo»  Alanoa  Scientific  Laboratory,  Baport  Llbraty,  p.o. 

Box  1663,  Ion  Alanoa,  It.  Max.  ATTN:  Salen  Bwhaan 

126-130  Sandla  "Corporation,  Claealfled  Scenes nt  Sivlaion,  Sandla 
Baae, -Albuquerque,  N.  Bex.  AT8C:  B.  J. Smyth,  Jr. 

131-140  Unteerelty  of  California  lenrrenoe  Badlatlon  Laboratory 
P.0.  Box  806,  Livermore,  Calif.  ATTN:  CLovla  0. -Craig 
141  Of:  ice  of  Technical  Information  Extension,  Cak 
P-idge,  Term.  (Baater) 

142-175  Office  of  Technical  Information  Sxtenaior.,  Cax  aidgc-. 

Tern.  (Surplus) 


